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SUMMARY Haemostatic variables were measured in 61 patients with heterozygous familial hyper-
cholesterolaemia, 32 of whom had evidence of coronary heart disease. Age adjusted mean concentra-
tions of plasma fibrinogen and factor VIII were significantly higher in these patients than in the 29
patients without coronary heart disease, but there were no significant differences in serum lipid
concentrations between the two groups. Comparisons in 30 patients taking and not taking lipid
lowering drugs showed lower values for low density lipoprotein cholesterol, high density lipoprotein
cholesterol and antithrombin III, and a higher high density lipoprotein ratio while receiving treat-
ment. The results suggest that hypercoagulability may play a role in the pathogenesis of coronary
heart disease in patients with familial hypercholesterolaemia.

Premature coronary disease is a characteristic feature
of heterozygous familial hypercholesterolaemia and
up to 50% of male and 25% of female patients with
familial hypercholesterolaemia develop symptoms of
coronary ischaemia by the age of 50.1 2 Increased con-
centrations of low density lipoprotein (LDL) play a
major role in the pathogenesis of this premature
atherosclerosis, but accelerated intravascular coagula-
tion3 and increased plasma fibrinogen concentrations
have also been reported.4 5 Preliminary results from
the Northwick Park heart study have shown an
association between high plasma concentrations of
factor VII, factor VIII, and fibrinogen and an
increased risk of subsequent cardiovascular death.6
We have therefore measured these and other haemo-
static variables in patients with familial hypercholes-
terolaemia with or without overt coronary heart dis-
ease and in addition have studied the effects of
hypolipidaemic drugs on these variables.

Patients and methods

Sixty one patients (34 men, 27 women) aged 20-71
(mean 45) years with heterozygous familial hyper-
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cholesterolaemia were studied. FamiLial hypercholes-
terolaemia was defined as serum cholesterol concent-
ration >7 5 mmol/l in an adult or >6 7 mmol/l in
children under the age of 16, together with tendon
xanthomata or with hypercholesterolaemia plus ten-
don xanthomata or hypercholesterolaemia plus pre-
mature coronary disease (before the age of 60) in a
first degree relative. Tendon xanthomata were present
in 57% of patients. Most patients had a type IIa
phenotype, but seven had raised serum triglyceride
concentrations (>2 mmol/1) and a type Ilb phenotype.
All patients were receiving a low cholesterol diet, four
had had a partial ileal bypass, and 44 were taking
hypolipidaemic drugs (cholestyramine 17, probucol 8,
clofibrate 6, neomycin 1, cholestyramine and clofi-
brate 6, cholestyramine and neomycin 6). The pres-
ence of significant coronary disease was defined on the
basis of one or more of the following: a reduction of
: 50% in the luminal diameter of any major coronary
artery when seen in two projections at coronary
arteriography which was performed where there was a
clinical indication; the presence of angina or a positive
16 lead exercise precordial map7; and electrocardio-
graphic evidence of previous myocardial infarction.8

Coronary arteriograms were reviewed by two
observers and assigned a score designed to denote the
severity of disease based on the following criteria: 1,
significant strictures (>50% reduction in luminal
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diameter seen in two projections) affecting a single
vessel; 2, left main stem disease; 3 complete occlusion
of the right coronary, the left anterior descending, or

the left circumflex arteries.
Blood was taken from an antecubital vein between

0900 and 1200 hours after an overnight fast. Blood for
assay of clotting factors was centrifuged at room

temperature and the plasma stored in liquid nitrogen
for subsequent assay.9 Fibrinogen and biological
activity of factors II, VII, VIII, andX and antithrom-
bin III were measured by methods described else-
where.910 Serum triglyceride concentrations were

estimated enzymatically,"I and total cholesterol by an

automated Leibermann-Burchard method.'2 High
density lipoprotein (HDL) cholesterol was measured
by the heparin-manganese precipitation technique'3
and the HDL ratio was calculated as HDL/total
-HDL cholesterol. LDL cholesterol was estimated
as described by Friedewald et al. '4 In 28 patients
measurements were repeated 5-10 weeks after
hypolipidaemic drugs had been withdrawn (n=22) or

after previously untreated patients had started drug
treatment (n=6). Seventeen patients were taking
cholestyramine (Questran) in a dose of 16 g daily,
either alone or in combination with neomycin 2 g
daily or clofibrate 2 g daily, seven were taking prob-
ucol 1 g daily, and four clofibrate 2 g daily.
In the analyses comparing patients with and with-

out coronary disease by unpaired t tests, mean values
were adjusted to age 50 years using coefficients
derived from multiple regression analyses of each
coagulation or biochemical variable on coronary dis-
ease (present or absent), sex, and age. Data on treat-
ment effects were analysed by paired t tests.

Results

A total of 32 patients (17 men and 15 women) (mean
age 50-8, range 28-71 years) were identified as having
coronary heart disease. This diagnosis was made on

the following grounds: electrocardiographic evidence
of myocardial infarction (5); coronary arteriographic

abnormalities without infarct (6); coronary arteriog-
raphic abnormalities and infarct (10); and angina or a

positive exercise precordial map or both (11). Seven
patients had had previous coronary artery bypass
surgery. The 29 patients without coronary disease, of
whom 17 were men and 12 women, were younger

than those with coronary disease (mean age 38-4,
range 20-59 years).
There were no significant differences in any lipid

variables between the two groups but mean concent-
rations offibrinogen and factor VIII were significantly
higher in the patients with coronary disease than in
those without (Table 1). To see whether either of
these differences could be accounted for by associa-
tions between factor VIII or fibrinogen and lipids,
values for cholesterol, triglycerides, and HDL were

included in further regression analyses as explanatory
variables. The results did not differ materially from
those shown in Table 1.
Untreated patients and those in whom

hypolipidaemic drugs had been temporarily with-
drawn had significantly higher LDL and HDL
cholesterol concentrations and a lower HDL ratio
compared with the treated state. Antithrombin III
was significantly higher in patients not receiving
treatment (90% vs 82/o, p<002), but none of the
other haemostatic variables showed any significant
difference (Table 2). Table 3 shows the effects of
individual drug regimens. The small number of
patients in each group precludes detailed statistical
analysis, but the decrease in antithrombin III con-

centrations appeared to be greatest in patients taking
probucol.
Coronary arteriograms were performed in 16

patients (13 men, three women, mean age 44 years).
Angiographic scores ranged from 1 to 9. The correla-
tion between angiographic score and factor VIII was

-0-27 (p=0.33) and for fibrinogen -0.10 (p=073).

Discussion

Premature and angiographically severe coronary dis-

Table 1 Age adjusted plasma lipid and lipoprotein concentrations and haemostatic variables in patients with familial
hypercholesterolaemia unth and without coronaty heart disease (CHD). Values are mean (SD)

With CHD (n=32) Without CHD (n=29) p value

Fibrinogen (g/l) 3.28 (1-00) 2-84 (0.60) 0-04
Factor II (%) 107 (30) 117 (22) 0-18
Factor VII (%/6) 123 (48) 122 (39) 0.92
Factor VII (%) 136 (70) 102 (34) 0.02
Factor X (%) 87 (25) 81 (16) 0 30
Antithrombin III (%6) 82 (17) 86 (20) 0.37
Total cholesterol (mmolI) 8.23 (1-88) 8-00 (1-41) 0.59
LDL cholesterol (mmolA) 6-49 (1-81) 6-35 (1-55) 0-74
HDL cholesterol (mmol/1) 0-99 (0-32) 1.03 (0-38) 0-65
HDL ratio 0.156 (0-082) 0-166 (0-093) 0-66
Triglyceride (mmol/l) 1-59 (0-75) 1-49 (0-59) 0-62

Conversion: SI to tdtional units-cholesterol: 1 mmol/138 6 mg/dl; triglyceride: 1 mmol/188-5 mg/dl.
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Table 2 Effect of treatment on lipid concentrations and haemostatic varabes in 30 patents with familial hypercholesterolaemia.
Figures are mean values

With treatment Withoutteatnent SD of difference p value

Fibrinogen (g/l) 3.05 3-10 0-69 0-65
Factor II (%) 111 120 30 0.12
Factor VI (%) 119 115 27 0-44
Factor VIII (%) 122 124 35 0-75
Factor X (0o) 83 88 21 0-25
Antithrombin III (% 82 90 19 0-02
LDL cholesterol (mmol/l) 6-45 7.89 1-04 0.0001
HDL cholesterol (mmol/l) 0.98 1-06 0-18 0-02
HDL ratio 0-151 0.129 0-052 0-03
Triglyceride (mmoll1) 1-79 1-79 0-36 0-92

SD, standard deviation.
Coniersion SI to traditional units-cholesterol: 1 mmol/1-38-6 mg/dl; triglyceride: 1 mmol/188-5 mg/dI.
Table 3 Mean changes (SD) in lipid concentraions and haemostatic variables in 28 patiens with familial hypercholesterolaena
taking vaous drugs

Cholesyrmine* Cholesyramine Cholestyramine Clofibrate Probucol
(n=10) and neomycin and clofibrate (n=4) (n=7)

(n=4) (n=3)

Fibrnen (gil) +0-19 (0.79) -0.44 (0-92) -0.07 (0-32) -0-01 (0.59) -0-10 (0.69)
Factor II (%'o) -18 (42) -20 (34) +11 (13) +9 (7) -9 (14)
Factor VII (9(s) +2 (40) -6 (20) +22 (22) +10 (13) +4 (18)
Factor VIII (%) -15 (29) +13 (30) +35 (48) -5 (24) -4 (41)
Factor X (%) +2 (30) -20 (24) +4 (8) -10 (13) +2 (13)
Antithrombin III (%) -7 (22) -9 (14) +3 (13) -4 (13) -12 (13)
LDL cholesterol (mmoll1) -1-47 (1-51) -3-37 (2-32) -1-70 (0-24) -1-16 (1-06) -0-51 (1-02)
HDL cholesterol (mmol/l) +0.01 (0-13) -0-14 (0-13) 0-00 -0-14 (0-21) -0-04 (0-29)
HDL ratio +0-05 +0-04 +0.04 -0-02 0.00
Triglyceride (mmol/l) -0.71 (2-47) +0-08 (0-79) -0.07 (0-12) +1-85 (2-86) -0-01 (0-80)

*Questran.
Conversion: SI to traditonal units-cholesterol: 1 mmoll-38-6 mg/dl; triglyceride: 1 mmol/188-5 mg/dl.

ease is common in heterozygous familial hypercholes-
terolaemia.' 2 15 This premature disease is not solely a
function of LDL concentrations; additional risk fac-
tors include a decrease in HDL cholesterol and in the
HDL:LDL ratio,16 17 smoking,1' and a family history
of premature death.'9 In addition, abnormalities in
haemostatic function have been found both in familial
hypercholesterolaemia and in men who later died of
coronary heart disease. Thus the Northwick Park
heart study found that plasma concentrations of factor
VII, VIII, and fibrinogen as well as serum cholesterol
concentrations were significantly higher at entry to
the study in the 27 men who died of cardiovascular
disease (mostly coronary heart disease) than in the
1461 survivors.6 Lowe et al found significandy raised
fibrinogen concentrations in patients with familial
hypercholesterolaemia,5 whereas Carvalho and Lees
found evidence for activation of the intrinsic coagula-
tion system (low prekallikrein and kallikrein inhibitor
values and increased concentrations of soluble fibrin
complexes).3 Lowe et al also emined the relation
between plasma fibrinogen concentrations, platelet
aggregates, and coronary disease in familial hyper-
cholesterolaemia.5 They showed increased fibrinogen
concentrations and increased numbers of platelet
aggregates from the age of 15 onwards, which they

suggested might be markers of the underlying
atherosclerosis to which these patients are so suscept-
ible. They failed to show any correlation between the
serum cholesterol concentrations and the coagulation
abnormalities, which were as evident in patients tak-
ing effective cholesterol lowering drugs as in un-
treated individuals.

Hypercoagulability could well play a role in the
development of coronary disease since thrombotic
coronary occlusion occurs in the majority of patients
in the early stages of myocardial infarction.20 High
fibrinogen concentrations increase blood viscosity,21
and increased viscosity may in turn impair blood
flow,22 thus predisposing to thrombosis. Small
deposits of fibrin have been found on or just beneath
the endothelium even in neonates23 with a rapid
increase in-prevalence with increasing age. Smith and
Staples found high concentrations of fibrinogen in
atherosclerotic lesions from human aortic intima
along with variable concentrations of factor VIII.24 It
remains debatable whether such abnormalities of
haemostatic function play an initiating role in the
pathogenesis of coronary disease or whether, as has
been suggested,6 they are simply markers of prema-
ture vascular disease and represent responses to arter-
ial injury.
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Previous studies have shown that lipid lowering

diets and clofibrate tend to exert what would be
expected to be a beneficial effect on haemostatic vari-
ables in patients with hypertriglyceridaemia.25-27
Nevertheless, the slight but significant decrease in the
thrombin inhibitor antithrombin III observed in our
patients with familial hypercholesterolaemia while
taking lipid lowering drugs is potentially adverse; this
effect was most pronounced in patients taking pro-
bucol or cholestyramine in combination with neomy-
cin, in whom a theoretically undesirable decrease in
HDL cholesterol was also observed. Probucol and
neomycin are each known to reduce both LDL and
HDL,28 29 but the decrease in HDL cholesterol was
not seen in patients taking cholestyramine alone. The
major effect of lipid lowering treatment overall was to
decrease LDL cholesterol by 18%, which resulted in a
significant increase in the HDL ratio. Comparable
changes in a similar group of patients with hyper-
cholesterolaemia treated with diet and cholestyramine
for five years were recently shown to be associated
with a reduction in the rate of progression of their
coronary disease on angiography.303'
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